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EXHAUST GAS TURBOCHARGER FOR AN
INTERNAL COMBUSTION ENGINE

This 1s a Continuation-In-Part Application of Interna-
tional Application PCT/EP03/13071 filed Nov. 21, 2003 and

claiaming the priority of German application 102 60 778.8
filed Dec. 13, 2002.

BACKGROUND OF THE INVENTION

The 1nvention relates to an exhaust gas turbocharger for
an 1nternal combustion engine including a compressor
arranged 1n the intake duct and an exhaust gas turbine
arranged 1n the exhaust duct of the engine 1n a turbine
housing having an exhaust gas collection chamber from
which the exhaust gas 1s directed onto the turbine wheel via
a turbine 1nlet passage and a bypass arrangement for bypass-
ing the turbine inlet passages.

DE 43 12 078 Al discloses a turbocharged internal
combustion engine with an exhaust gas turbine in the
exhaust duct and a compressor 1 the intake duct of the
internal combustion engine. By the compressor, the com-
bustion air 1s compressed to an increased charge pressure
with which the air 1s supplied to the cylinders of the engine.
The compressor 1s provided with an auxiliary compressor
which 1s mounted on the same shait as the main compressor
and 1s also driven by the exhaust gas turbine. The auxihary
compressor compresses recirculated exhaust gas to a higher
pressure so that i1t can be admixed to the air mass flow
supplied to the main compressor.

Because of the pre-compression of the exhaust gases in
the auxiliary compressor, the spectrum of the operating
conditions for the exhaust gas recirculation can be
expanded. However, the additional auxiliary compressor
requires relatively high construction expenditures.

U.S. Pat. No. 4,611,465 discloses an exhaust gas turbo-
charger for an internal combustion engine in the intake duct
and an exhaust gas turbine in the exhaust duct of the engine.
The exhaust gases of the iternal combustion engine are
supplied to a spiral exhaust gas collection chamber which 1s
arranged 1n the turbine housing and from which the exhaust
gases are admitted to the turbine wheel. The exhaust gases
flow then via inlet passages to the turbine wheel for driving
the turbine.

The mternal combustion engine described 1n the U.S. Pat.
No. 4,611,465 includes two cylinder banks whose exhaust
gases are supplied separately to a respective turbine inlet
channel of the exhaust gas turbine. From each turbine inlet
channel an exhaust gas bypass line branches off and the two
bypass lines extend to a common line section in which a
charge pressure-controlled bypass valve 1s arranged. The
common bypass line section 1s connected to the exhaust duct
downstream of the exhaust gas turbine. The bypass valve 1s
opened when the charge pressure in the intake duct down-
stream of the compressor exceeds a predetermined threshold
so that then the exhaust gas 1s directly conducted to the
exhaust duct while bypassing the turbine wheel.

The exhaust gas bypass line extends outside the turbine
housing and joins the exhaust gas duct also outside the
turbine housing downstream of the exhaust gas turbine. The
bypass arrangement has the sole purpose of reducing an
excess pressure or, respectively, avoiding the development
of such an excess pressure. Other functions cannot be
accomplished.

It 1s the object of the present invention to provide, with
simple construction means, an exhaust gas turbocharger
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which, beyond its basic function as compressor for the
combustion air of the internal combustion engine, can also
serve as a gas supply pump.

SUMMARY OF THE INVENTION

In an exhaust gas turbocharger of an internal combustion
engine including a compressor arranged 1n the intake duct
and a turbine arranged in the exhaust duct of the engine,
wherein the turbine includes 1n 1ts housing an exhaust
collection chamber from which the exhaust gas 1s directed
via turbine inlet passage to the turbine wheel, the housing
also 1ncludes a bypass arrangement for conducting part of
the exhaust gas to the turbine exhaust structure 1n a turbine
wheel bypass line which includes an ejector structure form-
ing a gas pumping device.

Because of the pressure drop 1n the gas flow of the exhaust
gas from collection chamber to the exit area of the turbine,
a suction action can be achieved by which the gas 1n the gas
line 1s sucked into the exit area of the turbine. The gas
turbine 1n this case also performs the function of a gas
pumping device. This pumping function can be established
solely by connection of the gas pumping line to the bypass
line of the turbine inlet flow passages by way of which the
main mass tlow of the exhaust gas from the exhaust duct 1s
admitted to the turbine wheel. The partial mass flow of the
exhaust gas conducted through the exhaust gas bypass line
1s expediently not more than 3% of the exhaust gas mass
flow through the exhaust gas turbine and 1s preferably 1n the
range of 1% to 2%.

The pumping function can be improved by providing in
the exhaust gas bypass, a nozzle area with reduced flow
cross-section and the gas pumping line joins the bypass line
in the area of the smallest tlow cross-section. As the pressure
in the gas flow drops as 1t flows with increased speed
through the reduced tlow cross-section area the pressure of
the exhaust gas 1s further reduced, which provides for an
increased pumping eflect 1in the gas pumping arrangement.

As nozzle structure in the exhaust gas bypass line, an
gjector structure may be integrated into the bypass line
around which the exhaust gas flows and by way of which the
gas mass flow from the gas pumping arrangement 1s 1ntro-
duced into the bypass line. The ejector structure includes
herefor an exit opening for admitting the gas mass flow from
the pumping arrangement to the exhaust gas bypass line.

The bypass line extends preferably annularly around the
turbine wheel wherein a plurality of ejector components are
arranged distributed over the circumierence and between
adjacent ejector components a narrow nozzle cross-section
1s fTormed. The ¢jector components may be of the same kind,
particularly i1dentical or mirror symmetrical. In accordance
with another embodiment, they may differ in design such
that the nozzle inlet cross-section disposed between two
adjacent ejectors and the nozzle discharge cross-section
provide for different flow directions for the gas flowing
therethrough. In this way, additional flow eflects can be
obtained.

In the ejector component, there 1s expediently a discharge
channel for the gas pumping line wherein the discharge
channel extends about normal to the direction of the exhaust
gas flow 1n the bypass line. This embodiment provides for a
simple connection of the gas pumping line to the ejector
component. The discharge channel 1s connected to the
bypass line by way of the discharge opening wherein the
discharge opening may have the shape of a slot and be
oriented essentially parallel to the orientation of the nozzle
discharge cross-section, so that the gas entering the bypass
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line has essentially the same flow direction as the exhaust
gas tlowing through the bypass line. In this way, the suction
ellect provided by the exhaust gas tlow 1s improved.

The gas pumping arrangement may be used for example
as a pump for a crankcase venting arrangement, by way of
which oil-containing vent gases are removed from the
crankcase and are subjected to a cleaning step. The exhaust
gas turbine 1n this case takes on the function of a pump for
the venting gases and pumps them—after passing them
through an o1l separator—into the exhaust gas duct.

In another advantageous utilization of the invention, the
gas pumping device forms a device for the mtroduction of
ambient air into the exhaust duct downstream of the exhaust
gas turbine wheel. The ambient air introduced into the
exhaust duct can be used 1n a catalytic converter arranged
downstream of the turbine for supporting the catalytic
functions and/or to a soot filter for burning ofl the soot
whereby the exhaust gas flow can be improved particularly
alter a cold start of the engine. The mvention will become
more readily apparent from the following description of
expedient embodiments thereof on the basis of the accom-
panying drawings.

BRIEF DESCRIPTIONS OF THE

DRAWINGS

FIG. 1 shows schematically an internal combustion
engine with an exhaust gas turbocharger whose exhaust gas
turbine forms also a pump for a crankcase venting arrange-
ment and for an air introduction structure,

FIG. 2 1s a cross-sectional view of the exhaust gas turbine
with a connection tube connected to the turbine housing,
through which the gas to be pumped 1s supplied to the
turbine outlet duct,

FIG. 3 1s a cross-sectional view of an annular bypass line
extending around the turbine wheel projected into a plane.
The bypass line 1s disposed in the turbine housing and
includes a plurality of gjector components in the form of
nozzles by way of which the gas being pumped 1s introduced
into the bypass line,

FIG. 3a 1s an enlarged representation of an ejector com-
ponent,

FIG. 4 shows a section of a bypass line with two ejector
components of an alternative embodiment, and

FIG. 5 shows a section of the bypass line 1n accordance
with another embodiment of the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

In the various figures, identical components are desig-
nated by the same reference minerals.

The mternal combustion engine 1 which 1s shown 1n FIG.
1 and which may be a gasoline engine or a diesel engine
includes an exhaust gas turbocharger 2 with an exhaust gas
turbine 3 1n the exhaust duct 4 and a compressor 5 in the
intake duct 6. The exhaust gas turbine 3 1s driven by the
exhaust gases of the internal combustion engine which are
still under a certain pressure. The compressor 5 1s driven by
the exhaust gas turbine 3 via a shaft and takes 1n ambient air
and compresses 1t to an increased charge air pressure. The
exhaust gas turbine 3 icludes a variable turbine inlet vane
structure 8 for controlling the eflective turbine inlet flow
passage. Downstream of the compressor 3, the intake duct 6
includes a charge air cooler 9 1n which the air compressed
in the compressor 3 1s cooled. Downstream of the charge air
cooler 9, the pressurized charge air 1s supplied to the
cylinder inlets of the internal combustion engine 1.
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The internal combustion engine 1 also includes an exhaust
gas recirculation system 10 which comprises a recirculation
line 11 extending between the exhaust duct 4 upstream of the
exhaust gas turbine 3 and the intake duct 6 downstream of
the charge air cooler 9. An adjustable exhaust gas recircu-
lation valve 12 and a cooler 13 are integrated into the
recirculation line 11.

The internal combustion engine 1 further includes a
crankcase venting system 17, which includes a gas conduit
18 extending between the crankcase of the internal combus-
tion engine and the exhaust gas turbine 3. The gas conduit
18 includes a check valve 19 which opens toward the
exhaust gas turbocharger 3 and closes 1n the opposite
direction to prevent backiflow of the gas into the crankcase.
The valve 19 may also be 1in the form of a controllable valve.

The internal combustion engine 1 further includes an air
injection arrangement which takes 1n fresh ambient air and
supplies 1t via the exhaust gas turbine 3 to the catalytic
converter 15 and the soot filter 16 1n order to support the
catalytic converter operation particularly following a cold
start of the engine and the burning ofl of the soot in the soot
filter 16. The air 1njection arrangement 20 comprises a gas
supply line 21 by way of which the combustion air 1s taken
in from the ambient and 1n which an adjustable control valve
23 1s disposed. The gas supply line 21 of the air injection
arrangement 20 extends, together with the gas conduit 18 of
the crankcase venting system 17, via a common conduit
section 22 to the exhaust gas turbine 3.

All adjustable auxiliary devices of the internal combus-
tion engine are controlled by the control umt 14 depending
on the various operating conditions. This 1s true for the
exhaust gas recirculation valve 12 in the exhaust gas recir-
culation line 10, the variable turbine inlet vane structure 8 in
the exhaust gas turbine and the valve 23 in the air injection
arrangement 20.

The cross-sectional view of the exhaust gas turbine
according to FIG. 2 shows that the turbine housing 24
includes a spiral channel 25 which forms a collection
chamber for the exhaust gas supplied by the internal com-
bustion engine. From the spiral channel 25 the exhaust gas
1s conducted, by way of inlet flow passage 26 in which a
variable guide blade structure 8 1s disposed, radially onto the
turbine wheel 27, which 1s provided with blades 34. The
exhaust gas flowing through the turbine wheel 27 drives the
turbine wheel and subsequently leaves the turbine 3 at
reduced pressure via the exhaust duct 28 and, further down-
stream 1n the exhaust duct, 1s subjected to a purification
procedure.

At the turbine housing 24, a connecting stub pipe 29 is
provided i which a connecting passage 30 1s disposed. The
pipe section 22 of the crank housing venting system and/or
the air injection arrangement 20 1s connected to the stub pipe
29. By way of the stub pipe 29 either venting gases from the
crankcase or ambient air 1s supplied to the exhaust gas
turbine 3.

The turbine mlet flow passages 26 by way of which
exhaust gas 1s directed from the exhaust gas collection
chamber, or respectively, the spiral channel 25 onto the
turbine wheel 27 1s bypassed by an exhaust gas bypass
structure 31, which 1s formed in the turbine housing 24. It
extends around an exhaust gas flow channel 36 1n the form
of an exhaust diffuser 36 forming the turbine exhaust duct
28. The bypass structure 31 branches off the spiral channel
25 and extends axially into the area of the exhaust duct 28.
By way of the bypass structure 31, a partial mass flow of the
exhaust gases 1s conducted out of the spiral channel 25 1n the
direction of the arrow 33 radially 1nto the bypass structure 31
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and then 1n the direction of the arrow 37 axially out of the
bypass structure in the area 32. The connecting passage 30
extends radially to the axially extending section of the
bypass structure 31. Because of the pressure difference
between the spiral channel 25 and the exhaust duct 28, a
pumping action 1s obtained in the ejector by which gas
supplied via the pipe section 22 and the connecting passage
30 1s transported into the bypass structure 31 and to the
exhaust duct 28.

The bypass structure 31 1s expediently annular. It prefer-
ably includes at least one ejector component 38, which has
the function of a nozzle and by way of which the gas of the
gas pumping arrangement 1s admitted to the bypass structure
31. Expediently, a plurality of ejector components 38 1is
provided in the bypass structure 31 by way of which the gas
1s 1ntroduced 1nto the bypass structure 31, however the gas
may also be mtroduced only via one or a limited number of
¢jectors. The ejector part 38 includes a discharge passage 39,
which 1s 1n communication with the connecting passage 30
in the connecting duct 29 and which extends about normal
to the flow direction 1n the bypass structure 31. The dis-
charge passage 39 in the ¢jector passage 39 of the ejector
part 38 includes an ejector opening (indicated 1n FIGS. 3 to
5 by reference numeral 40) by way of which the gas 1s
conducted into the bypass structure 31 and then to the
exhaust duct 28.

The nozzle-forming ejector components i the bypass
structure 31 ensure with their reduced tlow cross-section that
only a relatively small part of the exhaust gas 1s conducted
via the bypass passage 31 into the exhaust duct 28 of the
turbine which bypassing the turbine wheel 27. Expediently,
the exhaust gas stream conducted through the bypass struc-
ture 31 1s not more than 5% of the exhaust gas mass volume
flowing through the turbine. Preferably, values of 1 to 2%
are realized.

FIG. 3 1s a sectional view of a segment of the bypass
structure 31 projected into a plane. The bypass structure
includes a plurality of ejector components 38 which are
uniformly distributed over the circumierence 1n a parallel
flow arrangement and which have a streamlined contour past
which the exhaust gas flows as indicated by the arrows 41.
The gas to be pumped 1s supplied to the bypass structure 31
by way of the ejector passages 39, see FIG. 3a. Each ejector
passage 39 1s 1in communication with the bypass flow
nozzles by slot-like exit openings 40 by way of which the
gas to be admitted can flow into the exhaust gas as indicated
by the arrows 42.

Every two adjacent parallel adjacent ejector components
38 form within the bypass structure 11, a nozzle whose
narrowest flow cross-section i1s in the area of the circular
section of the ejector components 38, which, in the flow
direction of the exhaust gas become narrower toward the
pointed exit end. The nozzle inlet cross-section, the front end
of an ejector component facing the exhaust gas flow—is
indicated by the reference numeral 43; the narrowest nozzle
flow cross-section between adjacent ejector components 1s
designated by the reference numeral 44 and the nozzle exit
cross-section—in the area of the tip at the downstream end
of the ejector component 35—1s designated by the reference
numeral 45. The discharge opemings 40 are arranged down-
stream of the narrowest nozzle cross-section 44.

Also, 1n the exemplary embodiments shown 1 FIGS. 4
and 5, the exit openings 40 are disposed downstream of the
narrowest nozzle cross-section between adjacent ejector
components 38. In the arrangement as shown 1n FIG. 4, the
respective two adjacent ejector components 38 are mirror
symmetrical with respect to a plane 46 extending therebe-
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tween 1n flow direction wherein the wall section delimiting
the discharge passage 39 in the ejector component 38 1s
circular. The exit opemings 40 are so located that the gas
exiting 1n the direction of the arrow 43 has a flow direction
corresponding to the direction 41 of the exhaust gas flowing
through the narrowest nozzle cross-section.

In the exemplary embodiment of FIG. 5, adjacent ejector
components 38', 38" differ 1in their design. A first ejector
component 38' corresponds about to the embodiment as
shown 1n FIG. 4 with a discharge passage 39 with an exit
opening 40 downstream of the narrowest nozzle flow cross-
section 44 1n the bypass structure 31. A second ejector
component 38" has no discharge passage or exit opening for
the admission of gas but 1s provided with a partially circular
recess 47 which 1s complementary to the circular section of
the adjacent ejector component 38' with the discharge pas-
sage 39. In this way, a curved flow passage 1s formed
between the adjacent ejector components 38' and 38" whose
narrowest nozzle cross-section 44 1s displaced in the direc-
tion of the nozzle exit end 45. With the curved arrangement
of the nozzle channel, a redirection of the exhaust gas tlow
through the bypass structure 1s obtained so that the outflow
of the exhaust gas at the nozzle exit 45 has a direction
different from the exhaust gas at the nozzle inlet 43.

What 1s claimed 1s:

1. An exhaust gas turbocharger for an internal combustion
engine including an itake duct (6) and an exhaust duct (4)
with a compressor (5) arranged 1n the intake duct (6) and an
exhaust turbine (3) arranged 1n the exhaust duct (4), said
exhaust turbine (3) having a turbine housing (24) with an
exhaust gas collection chamber (25), a turbine wheel (27)
rotatably supported in the turbine housing (24), a turbine

inlet passage for conducting exhaust gases from the exhaust
gas collection chamber (25) to the turbine wheel (27), an
exhaust structure (28) for discharging exhaust gas from the
turbine (4) and an exhaust gas bypass structure (31) bypass-
ing the turbine wheel within the turbine housing (24) for
conducting exhaust gas from the exhaust gas collection
chamber (25) directly to the exhaust structure (28), and a gas
pumping means including a nozzle structure (38) arranged in
the bypass structure (31) in the turbine housing (24) with a
gas pumping line (18, 21) connected to a connection stub
(29) of the turbine housing (24) 1n communication with the
structure (38).

2. An exhaust gas turbocharger according to claim 1,
wherein the nozzle structure (38) includes a nozzle with
reduced tlow cross-section and a gas pumping line (18, 21)
joins the exhaust gas bypass structure (31) downstream next
to the narrowest cross-section of the nozzle.

3. An exhaust gas turbocharger according to claim 1,
wherein the nozzle structure i1s formed by an airfoil-shaped
ejector component (38) disposed in the bypass tlow and
including an ejector passage (39) in communication with the
connection stub (29) and having an opening (40) to the
exhaust gas bypass structure (31) for generating a suction 1n
the ejector passage (39).

4. An exhaust gas turbocharger according to claim 3,
wherein the ejector passage (39) extends in the ejector
component 38 normal to the direction of the exhaust gas
bypass tlow-through the ejector component (38) and the
opening (40) 1s disposed at the downstream side of the
ejector component (38).
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5. An exhaust gas turbocharger according to claim 3,
wherein the ejector component (38) 1n the bypass structure
(31) has a cross-section which tapers down in the flow
direction of the exhaust gas through the ejector component
(38).

6. An exhaust gas turbocharger according to claim 3,
wherein the exhaust gas bypass structure (31) extends annu-
larly around the turbine exhaust duct (28) and includes a
plurality of ejector components (38) uniformly distributed
over the circumierence of the turbine exhaust duct (28),
wherein between adjacent ejector components (38) a nozzle
flow cross-section (44) 1s formed.

7. An exhaust gas turbocharger according to claim 6,
wherein the ejector components (38) distributed over the
circumierence of the turbine exhaust duct (28) are all the
same.

8. An exhaust gas turbocharger according to claim 6,
wherein the ejector components (38) distributed over the
circumierence of the turbine exhaust duct (28) comprise at
least two different types, whereimn two adjacent ejector
components (38) define a nozzle flow cross-section with
differently oriented inlet and outlet flow directions.
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9. An exhaust gas turbocharger according to claim 8,
wherein the two adjacent ejector components have in the
area ol the narrowest nozzle crosssection convex and,
respectively, concave shapes.

10. An exhaust gas turbocharger according to claim 1,
wherein the exit opemings (40) are 1n the form of slots.

11. An exhaust gas turbocharger according to claim 10,
wherein the exit openings (40) extend essentially parallel to
the nozzle discharge openings.

12. An exhaust gas turbocharger according to claim 1,
wherein the gas pumping structure 1s connected to a crank-
case venting system (17) of the internal combustion engine
(1) and the gas pumping line (18) i1s connected to the
crankcase of the engine.

13. An exhaust gas turbocharger according to claim 1,

wherein the gas pumping structure i1s part of an air supply
system (20) for pumping ambient air into the exhaust gas for
improved combustion of exhaust deposits 1 a catalytic

> converter or a soot filter of the internal combustion engine.
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